1. Introduction {#s0005}
===============

Internet interventions offer the promise of efficiently delivering health behavior change programs to large numbers of individuals ([@bb0110], [@bb0180], [@bb0005], [@bb0265], [@bb0270], [@bb0040]). However, low levels of intervention engagement and high follow-up attrition are commonly observed in Internet studies ([@bb0245], [@bb0210], [@bb0095], [@bb0175], [@bb0055], [@bb0235]). Each of these phenomena presents distinct challenges to developers attempting to optimize the impact of Internet interventions and to researchers attempting to measure their efficacy or effectiveness.

Engagement with Internet interventions has been conceptualized to include 1) *amount of exposure* or use, and 2) *skills practice,* or the completion of activities or exercises that teach or reinforce knowledge or behavior related to the outcome of interest ([@bb0065], [@bb0215]). Amount of exposure can be easily, unobtrusively, and directly measured using automated tracking mechanisms, whereas measurement of skills practice typically requires participant self-report ([@bb0065]). Consequently, because measuring skills practice is more effortful for both the participant and the researcher, amount of exposure is frequently used as a proxy for overall engagement ([@bb0230]). Multiple measures for amount of exposure typically are available, but the most common are number of site visits, number of page views, and session duration. One study that measured skills practice as "number of modules completed per session" found that it significantly predicted outcomes, while amount of exposure did not ([@bb0085]).

However engagement is defined and measured, low levels are commonly reported in studies of Internet interventions across numerous domains ([@bb0245], [@bb0210], [@bb0235], [@bb0050], [@bb0160], [@bb0190], [@bb0225], [@bb0170], [@bb0135]). Eysenbach has noted that this phenomenon of low engagement (or "non-usage attrition") is so common it is "one of the fundamental characteristics and methodological challenges in the evaluation of eHealth applications" (p.2) ([@bb0095]). Participants commonly fail to use interventions to the full extent intended, whether that is reflected as the duration of time, the proportion of the intervention they are exposed to, or completion of key activities. Many studies have reported that a large proportion of users make only one visit and never return ([@bb0100]), even after providing detailed personal information in a registration process ([@bb0170], [@bb0090]) or completing an extensive battery of survey instruments ([@bb0025]). [@bb0030] have referred to these users as "one hit wonders."

The assumption regarding low rates of engagement with Internet interventions is that participants may fail to receive an adequate "dose" to promote behavior change. A substantial number of studies have demonstrated an association between greater use of Internet interventions and improved outcomes for general health behavior change ([@bb0240], [@bb0275], [@bb0045], [@bb0195]), as well as for smoking cessation specifically ([@bb0050], [@bb0190], [@bb0225], [@bb0060], [@bb0200], [@bb0125], [@bb0035]), supporting the notion that "more is better." Two recent reports used statistical methods to account for the possibility of self-selection bias that is inherent in these kinds of associations, and found that use of an Internet smoking cessation community predicted abstinence ([@bb0120], [@bb0185]). Several ongoing studies are investigating strategies to boost website engagement ([@bb0010], [@bb0075], [@bb0115], [@bb0205], [@bb0255]), but an unanswered question is why many people who register for online interventions never come back after an initial visit. A better understanding of reasons why people do not return to online cessation interventions could provide clearer insights into this "law of attrition" ([@bb0095]) and potentially aid efforts to target re-engagement strategies for those who might benefit most from them.

To investigate reasons why people do not return to online interventions after registering, however, it is necessary to reach them for data collection. High rates of follow-up attrition (low response rates) are also observed in Internet interventions ([@bb0165], [@bb0145]), making this kind of inquiry inherently challenging. One problematic implication of follow-up attrition specific to smoking cessation relates to the evaluation of outcomes. Intervention effectiveness is commonly evaluated using the "intent to treat" approach in which all smokers randomized to treatment are counted in outcome analyses, with those lost to follow-up presumed to be smoking. In a scenario where follow-up attrition is high, quit rates may be grossly underestimated. Indeed, systematic reviews and meta-analyses of the effectiveness of Internet interventions for smoking cessation have reported only modest findings, noting the systemic problem of attrition ([@bb0035]). Few studies have explicitly addressed abstinence outcomes among survey non-responders and findings have been mixed. In a small study out of Sweden, [@bb0260] made additional efforts to reach non-responders to a quitline follow-up survey. They found that 39% (18/46) of those reached through these additional efforts reported being abstinent compared to 31% (354/1131) of initial survey responders, a non-significant difference. In another quitline study, [@bb0140] found that study participants who required the most contacts for follow-up survey completion were the least likely to be abstinent.

One effective strategy for increasing response rates to electronic health surveys is the use of monetary incentives ([@bb0070]). However, little is known about the optimal incentive level that maximizes response rates while making the best use of study resources, or about the characteristics of individuals that respond to varying incentive levels. Previous research has shown that for hard-to-reach populations or study topics involving social stigma, a higher incentive may be needed ([@bb0130]). An observational study by [@bb0050] surveyed 1501 users who had registered on an Internet smoking cessation program 3 months prior. Of the 1316 surveys that were delivered successfully, 181 were completed without an incentive, yielding an initial response rate of 13.8%. The use of graduated incentives (\$20 for initial non-responders, \$40 for non-responders to the \$20 survey) increased the overall response rate to 29.3% (385/1316). Their results suggest that graduated incentives may be a useful strategy for recruitment when resources are limited, allowing larger incentives to be offered to more difficult to reach participants while avoiding compensating users who were willing to participate for free. However, no information was provided about the characteristics of responders at the different incentive levels or their smoking outcomes at the time of survey completion.

The primary purpose of this study was to gain insight into the reasons for low levels of engagement with an Internet smoking cessation intervention. Among the "one hit wonders" on an Internet smoking cessation program, we were interested in determining the reasons that users did not return after an initial visit, and whether these reasons were related to their smoking status and/or perceived quality of the intervention itself. In addition, we sought to investigate the impact of graduated monetary incentives in boosting response rates among individuals that had disengaged from the intervention. We were specifically interested in determining whether higher incentives would yield different types of respondents in terms of demographic or smoking characteristics. Given the ubiquity of low levels of engagement and high follow-up attrition across a range of Internet interventions, our aim was to add to the relatively scarce but growing literature about Internet intervention engagement and disengagement.

2. Methods {#s0010}
==========

2.1. Research setting {#s0015}
---------------------

[BecomeAnEX.org](http://BecomeAnEX.org){#ir0005} is an evidence-based smoking cessation program run by Truth Initiative (formerly the American Legacy Foundation) ([@bb0210], [@bb0150]). Launched in 2008, the website is grounded in principles from the U.S. Public Health Service Clinical Practice Guideline for Treating Tobacco Use and Dependence ([@bb0105]) and Social Cognitive Theory ([@bb0015]). Multiple rounds of usability testing informed the original version of the site ([@bb0115]), and a continuous quality improvement process has guided subsequent enhancements and modifications. The site is designed to educate smokers and enhance self-efficacy for quitting through didactic content designed to help smokers prepare for quit day, cope with slips, and prevent relapse; videos about addiction and medication; a series of interactive tools and exercises; a large online support community of current and former smokers; and a companion text message intervention. A checklist displays whether each of the site\'s core components has been used and allows users to access various components of the quit plan in the order they desire, rather than requiring them to complete the program in a step-wise fashion. This strategy was implemented to help ensure that users explore personally relevant sections more readily. The site can be browsed anonymously but to save information, post to the community, or sign-up for text messages, visitors must register.

2.2. Selection and recruitment of participants {#s0020}
----------------------------------------------

This study involved BecomeAnEX registrants who joined the website between April 1, 2014 and August 13, 2015 but did not return after the day of registration. All invited participants had registered at least 2 weeks prior to the survey. To be eligible for the study, participants had to be age 18 or older and to have opted in to receive email from BecomeAnEX.

The initial pool of eligible participants was invited via email to participate in the survey on August 26, 2015. No financial incentive was offered with the initial invitation. The invitation stated that the purpose of the survey was to better understand why users had not returned to the website after they had joined, and indicated that the survey could be completed within 5 min. One week after the initial invitation, a random subsample of non-responders was sent a second invitation with a \$25 incentive. The incentive was mentioned in both the subject line and body of the email. A subsampling approach was used to maximize study resources. Approximately one week after the second invitation, a final wave of invitations was sent to a random subsample of non-responders to the \$25 survey invitation. The final invitation included an incentive of \$50 to complete the survey. Individuals who partially completed a survey were not considered for inclusion in sampling for subsequent invitations. Electronic Amazon gift cards were used for the incentives and were emailed to recipients upon completion of the survey. The study protocol was reviewed by Chesapeake Institutional Review Board and determined to be exempt from IRB oversight.

2.3. Data sources and measures {#s0025}
------------------------------

Data sources included the date of registration on BecomeAnEX, automated tracking data of survey delivery (i.e. bounced email), and the survey responses themselves. The survey was developed based on published studies of website disengagement, expertise of the study team, and common issues discussed among members in the BecomeAnEX community. The survey was pilot tested by team members and response items were grouped to make it easier to see all response items on a single screen in accordance with standard web-based survey methods ([@bb0080]). The survey was administered via [@bb0250] and included the following items: 1) demographic characteristics (gender, age, race/ethnicity); 2) tobacco use status at the time of the survey completion ("have you smoked a cigarette, even a puff, in the last seven days?"); and 3) reasons for not returning to the website (four categories: life circumstances, smoking-related factors, website issues, and using other methods to quit) each with multiple response options including "none of these" or an "other" option where respondents entered their own text. Respondents could select more than one answer for the reasons items. Demographic questions included a "prefer not to answer" response option.

2.4. Statistical analyses {#s0030}
-------------------------

First, a CONSORT diagram was created to examine response rates for the full sample and by incentive level. Survey response rates for each of the three incentive levels were calculated as the number of completed surveys divided by the number of valid (non-bouncing) email addresses to which the survey was sent. Next, descriptive statistics were used to characterize survey respondents on demographic characteristics. Differences in demographic characteristics by all three incentive levels (\$0, \$25, \$50) were investigated with 2 × 3 Fisher\'s Exact tests, with the exception of age which was compared using a Kruskal-Wallis test (df = 2) because age was not normally distributed. Fisher\'s Exact test was also used to compare self-reported abstinence at follow-up across the three incentive levels.

Descriptive statistics were used to characterize reasons for not returning to the site. Because respondents at the \$25 and \$50 levels did not significantly differ in age, gender, race, or ethnicity, these groups were combined into a single "incentivized" group for comparison with \$0 respondents\' reasons for not returning, using 2 × 2 Fisher\'s Exact tests. Alternative analyses maintaining all 3 levels yielded similar results.

To further investigate potential differences in the populations who responded at different incentive levels, the number of months between a user\'s initial registration on the site and the first survey invitation was assessed using quasipoisson logistic regression, and presented as relative risk (RR) estimates with 95% confidence intervals.

3. Results {#s0035}
==========

3.1. Survey responders and response rates {#s0040}
-----------------------------------------

A total of N = 9270 registered users met study eligibility criteria and were sent the initial (\$0) survey. Email addresses for 491 users (5.3%) were invalid and bounced, leaving a valid sample of 8779 potentially reachable users. The initial invitation yielded 132 completed surveys (1.5% of recipients), 25 partially completed surveys (0.3%), 208 opt-outs from future communication (2.4%), and 8414 non-responses (95.8%).

Of the 8415 non-respondents to the initial (0\$) survey, 3456 were randomly selected to receive a second invitation with an offer of \$25 as an incentive. This invitation yielded 127 (3.7%) completed surveys, 7 partially completed surveys (0.2%), and 3322 (96.1%) non-responses.

Of the 3322 non-respondents to the \$25 invitation, 1708 were randomly selected to receive a third invitation with an offer of \$50 as an incentive: this invitation yielded 97 (5.7%) completed surveys, 4 partially completed surveys (0.2%), 2 opt-outs (0.1%), and 1605 non-responses (94.0%). The study CONSORT is shown in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1CONSORT diagram.Fig. 1

3.2. Participant characteristics {#s0045}
--------------------------------

Characteristics of all survey respondents are presented in [Table 1](#t0005){ref-type="table"}. Respondents to the \$0 survey were older (median age = 44 years, IQR = 32--56) than respondents to the \$25 survey (median age = 32 years, IQR = 28--46) and the \$50 survey (median age = 36 years, IQR = 27--47), H(2) = 15.69, p \< 0.001. No significant differences were observed between incentive levels with respect to gender, race (white vs. non-white), or ethnicity.Table 1Participant characteristics by survey incentive level.Table 1Overall\
n = 356\$0 incentive\
n = 132\$25 incentive\
n = 127\$50 incentive\
n = 97p-Value[a](#tf0005){ref-type="table-fn"}Demographic characteristics[b](#tf0010){ref-type="table-fn"} Age in years, median (IQR)37 (29--51)44 (32--56)32 (28--46)36 (28--47)\< 0.001 Gender is female67%70%66%65%0.72 Race is White[c](#tf0015){ref-type="table-fn"}87%85%88%87%0.88 Ethnicity is Hispanic7%4%8%9%0.30Smoking characteristics[b](#tf0010){ref-type="table-fn"} Abstinent at follow-up[d](#tf0020){ref-type="table-fn"}32%39%28%28%0.08[^1][^2][^3][^4]

At the time of survey completion, 32% of respondents reported not smoking in the previous 7 days. Rates of 7-day point prevalence abstinence (ppa) varied by incentive level, with a lower proportion of incentivized respondents reporting 7-day abstinence compared to \$0 survey respondents (28% vs. 39%, p = 0.03). Abstinence rates among respondents incentivized at the \$25 level and the \$50 level did not differ (both at 28%).

3.3. Reasons for not returning to the website {#s0050}
---------------------------------------------

The most commonly endorsed life circumstance reason was "I have been too busy/I don\'t have enough time," selected by one-third (33%; 116/356) of survey respondents ([Table 2](#t0010){ref-type="table"}). Forgetting to come back (28%; 99/356) and forgetting that they had signed up on the website (21%; 74/356) were the next most common reasons selected.Table 2Reasons for not returning to an Internet-based smoking cessation intervention cited by registered users.[a](#tf0025){ref-type="table-fn"}Table 2**Life circumstancesn** **=** **356** Too busy/not enough time, n (%)116 (33%) I forgot about it, n (%)99 (28%) I don\'t remember signing up for this website, n (%)[b](#tf0030){ref-type="table-fn"}74 (21%) I lost my username and/or password, n (%)55 (15%) I no longer have Internet access, n (%)7 (2%)**Smoking related reasonsn** **=** **282** I tried to quit but wasn\'t successful, n (%)144 (51%) I quit smoking, n (%)64 (23%) I wasn\'t ready to quit, n (%)60 (21%) I got the information I was looking for, n (%)28 (10%)**Website reasonsn** **=** **282** No free medication, n (%)39 (14%) Did not have the resources I was looking for, n (%)29 (10%) Appeared to be trying to sell me something, n (%)24 (9%) Hard to use, (%)21 (7%) Community support was not comfortable for me, n (%)21 (7%) Too much of a focus on medications, n (%)15 (5%) Looked outdated, n (%)10 (4%) I did not trust the information on the website, n (%)6 (2%)**Used other cessation treatment methodsn** **=** **282** Quit on my own (did not use anything), n (%)51 (18%) Quit smoking medications, n (%)36 (13%) A different quit smoking website, n (%)12 (4%) Telephone coaching, n (%)6 (2%) Text messaging program, n (%)5 (2%) Email program, n (%)3 (1%) Hypnosis, n (%)1 (\< 1%)[^5][^6]

The most common smoking-related reason for not returning to the website was that participants had tried to quit but were not successful (51%; 144/282). Notably, 23% of respondents (64/282) reported that they did not come back because they had successfully quit smoking, and 10% (28/282) reported they had gotten the information they were looking for during their first visit. A total of 27% of all respondents endorsed either that they had quit or that they got the information they were looking for. Approximately one fifth (21%; 60/282) stated that they weren\'t ready to quit at the time of their visit to the site. The only website design reason to be endorsed by \> 10% of respondents was that "the site did not provide free medication" (14%; 39/282). The most common other treatment method selected was "Quit on my own (did not use anything else)" (18%; 51/282). The only treatment method selected by \> 5% of respondents was "Medications" (13%; 36/282). All other options were endorsed by \< 5% of respondents.

Few differences were observed in the reasons for not returning endorsed by respondents at each incentive level. Compared to respondents to the \$25 and \$50 surveys, respondents to the \$0 survey were less likely to remember signing up for the website (63% vs. 89%, p \< 0.001) and less likely to report being "too busy" as a reason for not returning (21% vs. 39%, p \< 0.001). Respondents at the \$0 level were more likely than \$25 and \$50 survey responders to report that they did not return because they had quit smoking (31% vs. 19%, p = 0.03).

3.4. Impact of financial incentive in boosting response rates {#s0055}
-------------------------------------------------------------

The use of financial incentives raised survey response rates. The \$0 survey invitation yielded a 1.5% response rate, the \$25 invitation yielded a 3.7% response rate, and the \$50 invitation yielded a 5.7% response rate (see [Fig. 1](#f0005){ref-type="fig"}).

The likelihood of survey response decreased as a function of time-since-registration for users offered a maximum \$0 or \$25 incentive, but that relationship was eliminated by the \$50 incentive. As shown in [Fig. 2](#f0010){ref-type="fig"}, among users who were not offered an incentive, the likelihood of survey response decreased with each additional month that had passed since their initial registration date (RR = 0.82, 95% CI = \[0.77, 0.86\]). A similar but weaker effect of time since registration was observed for users who received a maximum incentive of \$25 (RR = 0.94, 95% CI = \[0.89, 0.99\]). The likelihood of response among participants offered a \$50 incentive did not vary based on time since registration (RR = 1.00, 95% CI = \[0.95, 1.06\]).Fig. 2Survey response rate by number of months since website registration. (Slopes on the plot show fit line from linear regression of aggregated proportions by number of months, provided as a visual aid. Significance testing conducted with person-level logistic regression, reported in the text.)Fig. 2

4. Discussion {#s0060}
=============

Results from this study show that more than a quarter (27%) of "one hit wonders" did not return to the smoking cessation website because they quit smoking or found the information they needed. From this perspective, we may consider this subset of one-hit-wonders to be intervention "successes," rather than failures of the website to retain them. Stated somewhat differently: for most users of Internet smoking cessation programs "more is better," but for some smokers it may be that "once is enough." This finding raises questions about the validity of relying exclusively on amount of exposure to an Internet intervention as a proxy for engagement, particularly using non-composite measures such as number of visits ([@bb0085]). Internet trials that employ "modified intent to treat" analyses which report cessation outcomes for participants that meet a certain threshold of intervention dose may miss the opportunity to examine outcomes among the segment of users who do not meet this threshold, but for whom a more minimal level of exposure was sufficient.

Our findings also suggest that the reasons participants give for not continuing to engage with an intervention may be as important to consider as whether they return at all. A large number of participants reported that they did not come back because they forgot about the site (99/356), they tried to quit but were not successful (144/282), or they were not ready to quit (60/282). Additional reasons were provided as free responses to the "other" category, including the desire for more proactive reminders to return to the site. Understanding the reasons why tobacco users fail to return to an internet intervention can help target re-engagement efforts. Further research is needed in this area. Additionally, 10% of participants reported that they did not return to the site because they did not find the resources they were looking for. As noted by [@bb0065] researchers may need to include measures of not only skills practice, but also of receipt of desired information, in evaluating the potential impact of Internet interventions.

Not surprisingly, paid incentives boosted our overall response rate and the highest level of incentive yielded the highest response rate. Age emerged as the only demographic characteristic that differed across incentive levels, with both incentive levels yielding responses from younger adults. Given that younger smokers may be more likely to disengage from an Internet smoking cessation intervention than older adults ([@bb0020]), reaching them for outcome evaluation may require greater study resources. What is noteworthy from these results is that paid incentives produced a higher proportion of respondents who were still smoking compared to invitations with no incentive. The 7-day ppa rate for the full sample of responders was 32%, ranging from 28 to 39% for the three incentive levels. This range suggests that a similar study conducted without incentives may have underestimated abstinence among responders by 7%, a clinically meaningful amount. These self-reported abstinence data were consistent with the reasons participants provided for not returning to the website: 31% of unpaid respondents endorsed having already quit as a reason for not returning to the website, compared to 19% of incentivized respondents. Finally, we observed a decline in the probability of survey response as the length of time from registration increased, but only at the \$0 and \$25 incentive levels; the \$50 incentive removed the negative effect of time since registration on probability of response. This was not surprising, as the farther one gets from an intervention, the less inclined one may be to respond to a survey about it. Researchers wanting to conduct follow-up surveys long after an ordinal event may need to use higher levels of incentives to do so.

These findings must be interpreted in the context of the following limitations. First, our results are based on a small proportion of the individuals who were invited to participate. Response rates were low, which was unsurprising given that we attempted to survey individuals who had disengaged from the intervention. The requirement that participants respond to the survey within a relatively short period (i.e., 7 days) may also have contributed to low response rates. The results presented may not generalize to the full sample of those we attempted to reach. Second, our study design co-varied incentive level with the number of emails participants received. As a result, we cannot determine the independent effects of graduated incentives from the effects of repeated study invitations. Both strategies have been shown to increase survey response rates in previous research ([@bb0220], [@bb0155]). Future research is needed to determine the optimal combination of invitations and incentives and their relative impact on overall and subgroup response rates. Third, we deliberately kept our survey brief to maximize the likelihood of responding. As a result, our ability to characterize survey respondents is limited, and we may have omitted important items related to reasons for not returning to the website. For example, several respondents mentioned "other" reasons for not returning, including the desire to engage via smart phone without having to log in to the site with a computer, and the lack of personalization. Finally, given the observational nature of our study, we are not able to make causal statements about the links between intervention use and abstinence.

Despite these limitations, this is one of the first Internet-based studies to explore the reasons for disengagement from a smoking cessation intervention, as well as the role of graduated incentives in maximizing response rates. Our findings provide an important foundation for future research to better understand the complex patterns of both engagement and follow-up attrition. Given the impact that both these phenomena have on the science and practice of Internet interventions, more work in this area is needed.

5. Conclusions {#s0065}
==============

We found that more than a quarter of "one-hit-wonders" reported not coming back to a smoking cessation website because they had quit smoking or found the information they needed. This finding suggests that efforts to assess the impact of Internet interventions should include measures of engagement that go beyond simple metrics of exposure like website visits. Attempts to measure the effectiveness of Internet cessation interventions should consider using sufficiently large paid incentives to reach the largest number of participants possible so as not to underestimate program impact under the assumption that all non-responders are still smoking. Substantive incentives may also be important to attenuate the decline in probability of response as a function of time since intervention.
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[^1]: Median age compared with Kruskal Wallis test. All other characteristics compared with 2 × 3 Fishers Exact test.

[^2]: Missing data rates for each dichotomized variable were as follows: Age 26% missing, gender 6% missing, race 8% missing, ethnicity 6% missing, abstinence 0% missing. "Prefer not to answer" was treated as missing for all variables presented here.

[^3]: Includes respondents who only selected "White".

[^4]: Proportion of survey respondents reporting 7-day abstinence at survey completion.

[^5]: Survey responses not mutually exclusive; respondents could select more than one option

[^6]: Survey skip logic did not ask respondents about other reasons for not returning if they selected this answer.
